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ABSTRACT 
PURPOSE: To investigate the association between physical activity and depressive 
symptoms in a community-based nationally representative sample of U.S. adolescents, 
and whether this association differs by race/ethnicity. 
METHODS: Data for this study derives from the Wave I public-use dataset of the 
National Longitudinal Study of Adolescent Health (Add Health), a longitudinal, nationally 
representative, school-based study of U.S. adolescents in grades 7 to 12 from 1994 to 
1996. Adolescents listed on participating school rosters in 1994 and 1995 were eligible 
to participate. Participants (n=6504) completed an in-home questionnaire on health-
related topics including general health, physical activity, tobacco/alcohol use, sexuality, 
and peer inftuences. Physical activity was measured by standard 7 -day recall methods, 
asking respondents how often they had participated in moderate to vigorous activity 
within the past week. Participants were categorized as reporting "High" or "Low" levels of 
weekly activity. An item measuring weekly physical education participation was also 
included. Depressive symptoms were measured using a modified form of the 20-item 
Center for Epidemiological Studies-Depression (CES-D) Scale. To measure suicidal 
ideation and attempt, students were asked if they had ever thought about/attempted 
suicide over the past year. To measure racial/ethnic identity, participants were 
categorized as non-Hispanic White, non-Hispanic Black, Hispanic, or "Other" based on 
self-report. 
RESULTS: Among adolescent males, neither weekly moderate to vigorous activity nor 
PE participation was significantly associated with CES-D score (Weekly PA level: coeff=-
0.74, p=0.087; Weekly PE: coeff=0.24, p=0.245). This lack of an association did not 
differ by racial/ethnic group. Adolescent males who reported "High" weekly activity were 
50% less likely to report suicidal ideation in the past year than those males reporting 
"Low" weekly PA (OR: 0.53 [95% Cl: 0.37-0.75], p<0.001). This inverse association 
between physical activity and suicidal ideation only persisted among non-Hispanic White 
males in race-stratified analysis (OR: 0.46 [95% Cl: 0.31-0.69], p<0.001). Among 
adolescent females, there was not an overall significant association between CES-D 
score and weekly activity (p=0.217), but there was for weekly PE participation (coeff: 0.52, 
p=0.045). In the race-stratified analysis, females classified as "Other" who reported 
"High" weekly activity were less likely to report depressive symptoms than those reporting 
"Low" weekly activity (p=0.005). On average, their CES-D scores were three points lower 
than those reporting "Low" weekly activity. Overall, adolescent females reporting "Low" 
weekly activity levels and PE participation were no more likely to report suicidal ideation 
or attempt over the past year than adolescent females reporting "High" weekly activity 
levels and PE participation. Among non-Hispanic White females, weekly PE participation 
was associated with greater risk of suicidal ideation, with those reporting regular weekly 
PE more likely to report suicidal ideation over the past year than those reporting no 
weekly PE (OR: 1.31 [95% Cl: 1.06-1.60], p=0.011 ). 
CONCLUSIONS: Through the available measures, it does not appear that PA and 
depressive symptoms are strongly associated among adolescents, and this association 
does not vary greatly by race/ethnicity. For those subgroups that demonstrated a 
significant association, such associations were not particularly large in magnitude, 
excluding that found for "Other" females. While policy efforts to increase physical activity 
among adolescents are well-founded on improvements in physical and cardiovascular 
health, these benefits may not extend to improvement of depressive symptoms given the 
results of the present study. Policy implications and directions for future research are 
discussed. 
I 
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ADOLESCENT DEPRESSION: SCOPE OF THE PROBLEM 
Population-based studies estimate the prevalence of major depressive 
disorder (MOD) to be between 0.7 and 8.3 percent among adolescents (13 to 18 
years oldY, with lifetime prevalence between 15 and 20 percentY·3 Point 
prevalence of dysthymia, a milder form of depression, is estimated to be between 
1.6 and 8.0 percent among adolescents.1•3 Similar to adults, adolescent females 
have a higher incidence of depressive symptoms and clinical depression when 
compared to adolescent males.'·5•34 Current diagnostic criteria classify 
adolescents as either depressed or not depressed depending on how many 
criterion symptoms are demonstrated. Some researchers, however, argue that a 
more appropriate view of depression in children and adolescents is that of a 
continuum of depressive symptoms from mild to severe with those demonstrating 
moderate depressive symptoms at increased risk of poor health outcomes. 6 
Several facets of physical health and psychosocial functioning have been 
linked with MOD. Specifically, overweight/obesity, low socioeconomic status, 
tobacco and alcohol abuse, illicit drug use, poor academic performance, and 
history of childhood sexual abuse have all been shown to be significantly 
associated with MOD in adolescents.'·7•8•9 In addition, studies have estimated 
that between 40 and 70 percent of clinically depressed adolescents have 
comorbid psychiatric disorders including anxiety disorders, addictive, and/or 
disruptive disorders at the time of diagnosis.1•2•3 In fact, it is postulated that 
; Based on definition of "adolescenf' in PubMed; Accessed online on May 27, 2005. 
Campbell 4 
nearly 40 percent of cases of adolescent depression could be prevented if 
primary psychiatric disorders are adequately identified and treated, regardless of 
type 2 Most importantly, MOD is associated with an increased risk of suicidal 
ideation and attempt, with suicide ranking as the third leading cause of death 
among adolescents.10 
Developing sub-threshold or clinical depression during adolescence 
predicts poor psychosocial and mental health outcomes in adulthood. 
Adolescents with sub-threshold depression or MOD share an equally heightened 
risk of developing MOD or an anxiety disorder in adulthood.6•11 In addition, 
depressed adolescents demonstrate more social impairment in areas of work, 
family, and social situations as adults.9 They also demonstrate significantly 
higher rates of suicidal ideation, attempt, and completion in adulthood.6•9 
PHYSICAL ACTIVITY: PRIMARY PREVENTION OF DEPRESSION? 
The debate regarding the (in)appropriate "medicalization of children's 
happiness" has gained momentum in light of meta-analyses revealing 
questionable efficacy of antidepressants in treating depressed adolescents.12•13•14 
A meta-analysis by Hazell et al. (1995) demonstrated that adolescents treated 
with tricyclic antidepressants were no more likely to experience symptomatic 
improvement than those receiving placebo.13 Given that there are risks 
associated with tricyclics use-the most serious of which are cardiotoxicity and 
increased risk of suicide-endorsing tricyclic antidepressants as first-line therapy 
for adolescent depression is not supported.15 Moreover, Whittington et al. 
(2004) found that the majority of selective serotonin reuptake inhibitors had 
equivocal or unfavorable risk-benefit profiles, with risks of serious adverse events 
I 
' 
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(e.g. abdominal pain, emotional lability, diarrhea, vomiting) and/or suicidal 
ideation/attempt outweighing potential benefits from treatment. 14 As a result, 
antidepressant use has decreased among adolescents.16 
Furthermore, while cognitive behavioral therapy is considered an effective 
treatment option for mild to moderate depressive disorder, this modality 
demonstrates an efficacy rate of less than 65 percent among clinically depressed 
adolescents.17 Due to the lack of effective treatment options, health providers 
have begun to focus not only on secondary prevention strategies for depressed 
youth, but, more importantly, on primary prevention of depression. Ideally, such 
a strategy would be safe, effective, and socially acceptable. 
Physical activity (PA) may serve this role if shown both to be significantly 
associated with depressive symptoms, and can prevent the onset and/or 
recurrence of depression. While prevalence of adolescent depression has 
continually increased, PA levels have decreased. Currently almost 50 percent of 
American youth (aged 12-21 years) report no regular "vigorous" PA, defined as 
activity that causes sweating and hard breathing for at least 20 minutes on at 
least 3 days perweek.18 Lack of physical activity (e.g., physical education (PE) 
and sports participation) and increased sedentary habits (e.g., TV/video viewing, 
and computer use) are both associated with increased risk of childhood 
overweight; however, less is known about the relationship between activity levels 
and depression among adolescents.19 
Several mechanisms have been proposed to provide a psychologically 
and/or biologically plausible explanation for how PA may prevent the onset of 
depression. Psychological theories deal with notions of social interaction, 
mastery, and distraction as pathways of preventing and/or moderating depressed 
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mood. The social interaction hypothesis posits that exercise and/or physical 
activity moderates perceived stress by increasing social support networks via 
group-based activity (e.g., aerobics, team sports).28 To be sure, increased social 
support has been associated with both regular physical activity and decreased 
risk for depression among both adults20 and adolescents.21 · 22 The mastery 
theory suggests that increased self-efficacy via successful participation in 
exercise elevates self esteem, which has been shown to be inversely related to 
risk of depression.23 Finally, the distraction hypothesis proposes that negative 
thoughts and cognitions are avoided through regular physical activity.28 To date, 
none of the psychological mechanisms have received overwhelming support 
from the literature. 
Physiological theories have also been proposed to explain the potential 
pathway(s) by which physical activity moderates mood, focusing on the role of 
monoamines, endorphins, and thermogenesis. The monoamine theory suggests 
that PA moderates synaptic aminergic transmission in the brain to improve one's 
mood, an idea that has received some support from past research.24•28 The 
endorphin theory suggests that exercise-induced beta-endorphin release affects 
positive mood states and attenuates pain perception; however most studies used 
peripheral endorphin levels to approximate central levels, and it is uncertain how 
valid these measurements are.25 The thermogenic model suggests that raised 
body temperature elevates mood following exercise, but this has been less 
popular than the other theories described above.28 Of course, the extent to 
which these theories apply to decreasing an adolescent's risk for developing 
depression is questionable given that much of the research concerning their 
validity has been conducted with adult populations. 
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Regardless of how physical activity (PA) may affect and/or prevent 
depressed mood on an individual level, there is reason to believe that the 
association between PA and depressive symptoms differs by race/ethnicity. 
Ethnic minority adolescents are less likely to report regular PA than their White 
peers.19 The decision to be physically active is not wholly individually driven. A 
study by Gordon-Larsen et al. (2000) revealed that environmental factors (e.g. 
community recreation programs/facilities, neighborhood crime levels) were 
significant determinants of moderate to vigorous PA among adolescents.26 
These factors are strongly related to family income level, with higher income 
communities more likely to have a greater number of PA resources and less 
neighborhood crime. Thus it is not surprising to find that these environmental 
factors are distributed unequally across race/ethnic groups, with ethnic minority 
adolescents more likely to live in conditions unfavorable to PA, as they are also 
more likely to live in low income communities. This suggests that minority 
adolescents may not have opportunities to experience the full benefit PA may 
offer in preventing and/or ameliorating depressed mood. 
The association between PA and depressive symptoms may differ by 
race/ethnicity to the extent that there are also racial/ethnic differences by risk of 
developing depression itself. Indeed, PA may not modify depressive symptoms if 
other more pervasive influences exist that depress one's mood. For example, 
the experience of discrimination by ethnic minorities may override whatever 
benefit wrought from exercise. Theoretically, then, one would see higher 
prevalence of depressive symptoms among racial/ethnic minorities than White 
adolescents; however, previous research has been mixed regarding race/ethnic 
status and depressive symptoms. Brooks et al. (2002) found no racial/ethnic 
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differences in prevalence of depressive symptoms among a sample of 2224 
Massachusetts ninth- and twelfth-graders. 34 Conversely, Saluja eta f. (2004) 
found depressive symptoms to be more prevalent among Native American and 
Hispanic adolescents than their White peers, with African American and Asian 
adolescents least likely to report depressive symptoms.' Given potential 
differences in likelihood of being physically active, as well as in experiencing 
depressive symptoms, there may also be racial/ethnic differences in the 
association between PA and depressive symptoms. 
Two literature reviews suggest that among adult populations (aged 25-64 
years old), PA, defined as either aerobic and/or strength/resistance training, is 
inversely related to depressive symptoms. In other words, an increase in PA was 
associated with symptomatic improvement, particularly among those reporting 
mild to moderate depressive symptoms.27·28 However, neither included studies 
that analyzed whether the apparent association between PA and depression 
differed by race/ethnicity, nor looked at adolescents in particular. There is less 
agreement in the literature regarding PA and depressive symptoms within non-
clinical adolescent populations, stemming mostly from poorly conducted studies 
(see Appendix 1). Studies conducted within adolescent populations also did not 
analyze potential association(s) by race/ethnicity. 
THE NATIONAL LONGITUDINAL STUDY OF ADOLESCENT HEALTH 
The purpose of this paper is to determine the association between 
physical activity and depressive symptoms among a nationally representative 
sample of U.S. adolescents using data from the National Longitudinal Study of 
Adolescent Health {Add Health). In addition, I will explore whether this 
' +-
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association differs by race/ethnicity. This study improves on past research by 
using data based on a large sample of adolescents, allowing for subgroup 
analyses across sex, race, and socioeconomic status. As well, it uses extensive 
measures of physical activity intensity and frequency, and provides measures of 
depressive symptoms based on the Center of Epidemiological Studies-
Depression (CES-D) scale. 
METHODS 
Study procedures were approved by the Institutional Review Board at the 
University of North Carolina at Chapel Hill, NC {IRB No. 05-2598). 
Data Source. Add Health is a longitudinal, nationally representative, school-
based study of U.S. adolescents in grades 7 to 12 from 1994 to 1996. High 
schools were stratified by size, urbanicity, region, race/ethnicity, and type (e.g. 
public, private, or parochial). From this, high schools were selected with unequal 
probability to create a nationally representative sample of U.S. high schools. 
Each participating school was paired with an adjacent middle ("feeder'') school. If 
a school declined participation, a replacement school or school pair was selected 
from the same stratum. Ultimately 80 high schools and 52 middle schools (79% 
overall participation) agreed to participate in the Add Health study. 
Data for this study derives from in-home interviews conducted during 
Wave I of the Add Health study (of three Waves to date). Adolescents listed on 
participating school rosters in 1994 and 1995 were eligible to participate. 
Approximately 220 students were selected from each paired school roster(s), 
stratified by age and sex, resulting in a core sample of 17,600. In addition, 
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special groups were over-sampled to allow for subgroup analyses, including 
race/ethnic groups (e.g. Black adolescents having at least one parent with a 
college degree, labeled "high SES" African Americans) and disabled youth. 
Overall, 27,000 adolescents were selected for the in-home interview, of which 
20,745 (76.8%) agreed to participate. 
The free, accessible public-use Wave I dataset was used for the 
purposes of this study which is comprised of approximately one-half of the Wave 
I core sample, and one-half of the over-sample of "high SES" African-
Americans.29 Wave I data was used rather than Wave II (which collected follow-
up data on a subgroup of Wave I respondents) as Wave II consisted of a smaller 
study population (N=14,738) than Wave I (N=20,745). Respondents were 
randomly chosen for inclusion in the dataset, which was assumed to be 
representative of the entire Wave I dataset. From this sample (N=6504), i 
respondents were excluded if they reported a physical disability, or had 
incomplete data. Respondents who were 19 years or older were also excluded. 
This age-based exclusion was included as these students may have unique 
characteristics (e.g., failure to complete a grade, serious illness/disability) that 
make them older compared to their peers, and thus make them different in terms 
of likelihood to be depressed and/or active. 
Interview Procedures. Wave I in-home interviews took place between April and 
December 1995. Individual and parental consent was obtained for each Wave I 
in-home respondent. Interviews were conducted by trained interviewers using 
Computer-Assisted Personal Interview (CAP I) and Audio Computer-Assisted 
Self-Interviewing (ACASI) technology, which has been shown to reduce non-
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response or socially desirable responses on sensitive issues. 30 A parent of the 
respondent also completed an in-home questionnaire. Of those parents who 
completed surveys included in the public-use dataset, the majority were mothers 
(92.8%). 
Measures of Independent Variables 
Respondent demographics. Demographics were obtained primarily via 
self-report. Age was rounded to the nearest integer and kept as a continuous 
variable. Sex was dichotomized as male (=0) or female (=1 ). Self-identified 
race/ethnicity was coded as Hispanic (=1), non-Hispanic black (=2), or non-
Hispanic white (=4). An additional "Other" (=3) category was created to include 
those who self-identified as Asian, Native American, multi-racial, or other. This 
category was created to increase statistical power, as each respective 
racial/ethnic group included in this category was too small for the purposes of this 
study. Body mass index (BMI) was calculated from self-reported weight (in 
kilograms) divided by self-reported height (in meters) squared, and maintained as 
a continuous variable. Parental education was used as a proxy indicator for 
socioeconomic status, determined from the parent's in-home questionnaire and 
categorized as <high school (=0); some high school/trade (=1 ); some college 
(=2); and college/professional degree (=3). Data regarding body image was 
obtained since weight perception has been associated with depressive 
symptoms and physical activity.31 One question was used to measure body 
image: "How do you think of yourself in terms of weight?" Body image responses 
were categorized as very underweight; slightly underweight; normal weight; 
slightly overweight; and very overweight. 
; 
I 
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Cigarette and alcohol use. Information regarding smoking and alcohol 
use was included in this study due to their potential to confound the true 
relationship between PA and depression, as both have been shown to be 
associated with depression and physical activity, albeit with some differences by 
sex.32•33•34•35 For example, physically active females are less likely to report 
alcohol use than nonactive females, while physically active males are more likely 
to report alcohol use than nonactive males. Respondents were asked how many 
days in the past month they had smoked cigarettes. Current smoking was coded 
as ever (=1) or never (=0) smoked in the past 30 days. Alcohol use was coded 
as ever (=1) or never (=0) got drunk in the past year. 
Physical activity (PA). PA levels were measured using standard 7-day 
recall methods common to other community-based epidemiological studies.36• 37 
While self-reported PA behaviors are more subjective than other measurements 
of PA, 7-day recall questionnaires have demonstrated up to 75% agreement with 
directly observed activity, with increasing validity with age.3" For further 
discussion regarding issues related to physical activity assessment in 
adolescents, see Appendix 2. 
To measure frequency of moderate to vigorous PA (i.e. activities that are 
associated with energy expenditure of 5-8 metabolic equivalents), respondents 
were asked three questions regarding how often they had participated in three 
groups of activities within the past week: roller-blading/cycling, exercise, and 
team sports. Responses for each question were given a numerical value: 0 
times (=0), 1-2 times (=1), 3-4 times (=3), or ;:o5 times (=5). The total moderate-
vigorous activity equaled the sum of responses, expressed as times/wk (range: 
0-15). Total PA levels was categorized as "Low" if the total was 0-4 times/wk 
; 
I 
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(=0); or "High" if the total was 25 times/wk (=1 ). This categorization was based 
on the current CDC recommendation that youth be active "most days" of the 
week, assuming that being active 5 or more times met this requirement.39 In 
addition, information regarding weekly physical education (PE) participation was 
elicited and categorized as 0 times, 1-4 times, or 5 times per week. 
Measures of Dependent Variables 
Depressive symptoms. The Add Health study used a modified version of 
the 20-item Center for Epidemiological Studies-Depression (CES-D) scale to 
measure depressive symptoms, an instrument previously validated for use in U.S. 
adolescent populations40· 41 In this scale, participants were asked how often they 
experienced a range of depressive symptoms (e.g. feeling fearful, sad, hopeless) 
during the past week. Responses are scored according to a four-point scale 
ranging from 0, if a symptom was present "rarely or none of the time", to 3, if a 
symptom was present "most or all of the time". Internal consistency, or the 
extent to which all included items measure depression, has been measured with 
Cronbach's alpha coefficient, with values between 0.82-0.89 among adolescents, 
higher than the 0.80 limit necessary to be considered acceptable for correlational 
studies.40 Total CES-D scores, representing the summation of all individual 
scored responses, range between 0-60, with higher scores associated with 
greater severity of depressive symptoms and risk of developing major 
depression.'" Using receiver operating characteristic curves, threshold points of 
22 and 12 have been selected for adolescent males and females, respectively, 
when used as a screening tool for adolescent depression in a community-based 
sample.'" 
i 
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The modified CES-D scale used in the Add Health study was comprised 
of 19-items, omitting two from the original scale ("My sleep is was restful"; "I had 
crying spells") and including one new item ("I felt that life was not worth living"). 
This modified scale has demonstrated high internal consistency in other studies 
using Add Health Wave I data (Cronbach a coefficient = 0.87)42 Rather than 
dichotomize respondents as either depressed or not based on a set threshold, 
CES-D score (range: 0-57) was maintained as a continuous variable to regard 
depressive symptoms as a continuum. 
Suicidal ideation and attempt. Suicidal ideation was measured by self-
reported thoughts of suicide over the past year, coded as never (=0) or ever (=1). 
Suicidal attempt was measured as self-reported attempt of suicide over the past 
year, coded as never (=0) or ever (=1 ). 
Statistical Analysis. All statistical analyses were performed using STAT A, 
statistical software capable of analyzing survey data.43 Data was weighted in all 
analyses to correct for unequal probability-based sampling in order to produce 
nationally representative results.44 To the extent that sex differences exist 
regarding risk factors for depression and determinants of physical activity, all 
analyses were stratified by sex.45 Univariate analysis described total sample 
characteristics based on selected variables described above. To determine if 
there were statistically significant differences across racial/ethnic groups, one-
way analysis of variance (ANOVA) and chi-square statistics were used for 
continuous and categorical variables, respectively. Multivariate analysis was 
performed to determine the association between PA and depressive symptoms 
after controlling for all other variables. Multiple linear regression models were 
i 
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used to investigate the association between CES-D score and PA, controlling for 
potential confounders (e.g. respondent age, BMI, cigarette/alcohol use, parental 
education, and body image). First, separate sex-stratified linear regression 
models were performed for each PA variable (e.g., weekly PA and PE 
participation), including dummy variables coded for race included as covariates, 
and interaction terms for race and each PA variable. Then, sex- and race-
stratified linear regression models were performed to determine significant 
associations, if any, between PA variables and CES-D score. Logistic regression 
modeling was used to investigate the association between PA variables and 
suicidal ideation and attempt separately, controlling for potential confounders, 
using the same process described above. Unless otherwise stated, statistical 
significance was set at an alpha level of 0.05. I 
RESULTS 
Sample population. Of the 6504 adolescents included in the Wave I public 
dataset, 4855 (74.6%} were included in the final analysis. Reasons for exclusion 
included: missing/incomplete data (n=1333); physical disability (n=44 ); and age 
~ 9 years (n=272). Descriptive characteristics of the final sample are provided in 
Table 1. In general, females (50.8%) and males (49.2%) were equally 
represented. On average, girls reported a significantly higher number of 
depressive symptoms than boys, with mean CES-D scores almost two points 
greater than those for boys (mean CES-D score: 11.52 vs. 9. 73, respectively, 
p<0.001). 
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Demographics. 
Adolescent males. Demographic characteristics among adolescent males by 
race/ethnicity are shown in Table 2. There were no significant differences in age, 
BMI, or body image between race/ethnic groups (p>0.05). There were 
statistically significant differences across race/ethnic groups regarding smoking 
(p=0.015), with the highest proportion of smokers among White males (28.6%), 
and the lowest among Black males (19.7%). A similar trend was seen with 
alcohol use (p=0.009), with White males reporting the highest rate of drinking 
(30.4%), and Black males the lowest rate (19.5%). Finally, educational 
attainment by parents differed by race/ethnicity (p<0.001 ). Parents of Hispanic 
males reported the highest rate of not completing high school (42.7%), with 
parents of White/Other males demonstrating the highest rate of receiving a 
College/Professional degree (25 and 28.7 percent, respectively). 
Adolescent females. Demographic characteristics among adolescent females by 
race/ethnicity are summarized in Table 3. There were no significant differences 
among racial groups by age (p>0.05). There were statistically significant 
differences across race/ethnic groups regarding BMI (p<0.001 ), with Black 
females having the highest BMI (23.4) and WhiteiOtherfemales the lowest (21.7 
and 21.7, respectively). As seen with adolescent males, smoking and alcohol 
use demonstrated significant differences by race/ethnicity (p<0.001 ). Specifically, 
White females reported the highest rates of smoking (29.2%) and alcohol use 
(28.3%), with Black females reporting the lowest rates (9.8% smoked; 12.3% 
used alcohol). Unlike their male counterparts, however, adolescent females 
demonstrated a significant difference in body image by race/ethnicity (p=0.003). 
The majority of each racial group felt they were at a normal weight, or slightly 
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overweight. Black females were most likely to believe they were at a normal 
weight (56.4%) and least likely to believe they were very overweight (2.1%). 
Conversely, between 5 to 6 percent of all other racial groups considered 
themselves to be very overweight. Finally, parental education level differed by 
race/ethnicity (p<0.001 ). Specifically, parents of Hispanic females were most 
likely to report not finishing high school (40.4%), and parents of White females 
were least likely (8.6%). Parents of Other females were most likely to report 
receiving a college/professional degree (34.6%), while parents of Hispanic 
females were least likely (10.5%). 
PA, CES-D score, and race/ethnicity. 
Adolescent males. The results of the bivariate analyses for adolescent males 
regarding physical activity, depressive symptoms, and race/ethnicity are found in 
Table 4. Among adolescent males, there were no significant differences across 
race/ethnic groups in weekly PA level (proportion reporting High weekly PA: 
77.7% Non-Hispanic white, 82.1% Non-Hispanic black, 78.6% Hispanic, 80.9% 
other, p=0.326). Although the majority of boys reported no weekly PE 
participation regardless of race (range 67-77%), there was a trend towards ethnic 
minority males reporting higher levels of weekly PE participation compared to 
Non-Hispanic white males (p=0.082). Mean CES-D score was significantly 
different by race/ethnicity, with non-Hispanic White boys reporting lower scores 
than ethnic minority males (p=0.013). There was no difference in suicidal· 
attempt by race/ethnicity, with between 0.8 and 3.3 percent of each racial group 
reported attempting suicide in the past year (p=0.359). There were significant 
differences in suicidal ideation (p=0.007). Specifically, White males were most 
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likely to report thinking about suicide over the past year (11.4%), followed by 
Other males (10.3%), Black males (6.5%), and Hispanic males (5.8%). 
Adolescent females. The results of bivariate analyses for adolescent females 
regarding PA, depressive symptoms, and race/ethnicity are found in Table 5. 
Among adolescent females, there were significant differences across race/ethnic 
groups for both weekly PA levels and PE participation. Specifically, non-Hispanic 
White females were most likely to report High weekly PA, while Hispanic females 
were least likely (67% and 59%, respectively, p=0.039). Similar to boys, the 
majority of girls reported no weekly PE participation (range 71-80%). Non-
Hispanic Black females were most likely to report participating in PE 5 times a 
week, with non-Hispanic White females least likely (22.3% vs. 11.8%, 
respectively, p=0.025). Mean CES-D scores among non-Hispanic White girls 
were significantly lower than ethnic minority females (p<0.001 ). Finally, while 
there were no significant differences in suicidal attempt between race/ethnic 
groups, girls classified as Other were most likely to report thinking of suicide in 
the past year compared to their peers (p=0.041 ). 
Association between PA and CES-D score by race/ethnicity. Results from 
multiple linear regression modeling are shown in Table 6. 
Adolescent males. Among adolescent males, neither weekly PA level nor PE 
participation was significantly associated with CES-D score (Weekly PA level: 
coeff= -0.74, p=0.087; Weekly PE: coeff=0.24, p=0.245). In addition, there were 
no significant interactions between race and weekly PA level or PE participation 
[data not shown]. There was a trend for an inverse relationship between 
weekly PA level and CES-D score among non-Hispanic White males (coeff: -1.02, 
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p=0.054), and a positive relationship between weekly PE and CES-D score 
among non-Hispanic Black males (coeff: 0.69, p=0.055). 
Adolescent females. Among adolescent females, there was not an overall 
significant association between CES-D score and weekly PA level (p=0.217), but 
there was for weekly PE participation (coeff: 0.52, p=0.045). There was a 
significant interaction between race and weekly PA for Other females 
[race*weeklyPA = -2.87, p=0.039]. Race-stratified analysis showed that among 
females classified as Other, those reporting "High" weekly PA were less likely to 
report depressive symptoms than those reporting "Low" weekly PA (p=0.005). 
On average, their CES-D scores were three points lower than those reporting 
. 
Hispanic White females there was a significant positive association (coeff: 0.67, I "Low" weekly PA. Finally, while ethnic minority females did not exhibit a significant association between PE participation and CES-D score, among non-
p=0.045). 
Association between PA, suicidal behavior, and race/ethnicity. 
Odds ratios, adjusted for potential confounders, describing the association 
between PA and suicidal behavior by race/ethnicity are shown in Table 7. 
Adolescent males. Overall, adolescent males who reported "High" weekly PA 
were 50% less likely to report suicidal ideation in the past year than those males 
reporting "Low'' weekly PA (OR: 0.53 [95% Cl: 0.37-0.75], p<0.001). This inverse 
association between PA and suicidal ideation only persisted among non-Hispanic L 
White males in the race-stratified analysis (OR: 0.46 [95% Cl: 0.31-0.69], 
p<0.001). This "protection" against suicidal ideation via weekly PA did not extend 
to suicidal attempt; adolescent males reporting "High" weekly PA were no more 
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likely to attempt suicide than their less active peers (OR: 0.73 [95% Cl: 0.34-
1.75], p=0.419). Adolescent males who did not report regular weekly PE were no 
more likely to report suicidal ideation or attempt than those reporting weekly PE 
(OR: 0.89 [95% Cl: 0.71-1.12], p=0.311 ). This lack of association persisted 
across all race/ethnic groups in the race-stratified analysis. 
Adolescent females. Overall, adolescent females reporting "High" weekly PA 
levels and PE participation were not less likely to report suicidal ideation or 
attempt over the past year than adolescent females reporting "Low" weekly PA 
levels and no PE, respectively (Table 7). Among non-Hispanic White females, 
weekly PE participation was associated with greater risk of suicidal ideation, with 
those reporting regular weekly PE more likely to report suicidal ideation over the 
past year than those reporting no weekly PE (OR: 1.31 [95% Cl: 1.06-1.60], I p=0.011). 
DISCUSSION 
This study sought to determine the association between physical activity 
levels and depressive symptoms, and whether this association differed by 
race/ethnicity, within a nationally representative sample of U.S. adolescents. 
Generally speaking, what association exists between PA and depressive 
symptoms is relatively weak, if present at all. Among non-Hispanic White 
adolescent males, there was a trend towards a marginal inverse association 
between weekly PA and depressive symptoms. On average, those reporting 
High PA levels had lower CES-D scores than those reporting Low PA levels, 
although the absolute difference in scores was one point. Given that the range of 
CES-D scores was between 0 and 57, a difference of one point is not clinically 
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significant. When looking at weekly PE participation, there was no significant 
association between PE and CES-D score for both males overall, and in 
racial/ethnic subgroups. 
Among adolescent females, while there was no association between 
moderate-vigorous PA and CES-D score overall, there was a relatively significant 
inverse association among "Other'' females, with those reporting high PA levels 
having CES-D scores 3.5 points lower on average than those reporting low PA 
levels. Although this could be clinically meaningful, the fact that the "Other'' 
category encompasses a smorgasbord of racial/ethnic categories, it is difficult to 
discern to whom these results apply. In addition, weekly PE participation was 
positively associated with CES-D score overall among adolescent females, 
i although this association only persisted among non-Hispanic White females. This could suggest that PE participation is harmful to adolescents' mental health, 
as increasing PE participation was associated with higher CES-D scores. 
However, the magnitude of increase (less than a point on a scale of 0-59) 
suggests that such an association, while statistically significant, is not clinically 
meaningful. 
The most striking association between PA and depressive symptoms was 
when one looked at suicidal behavior, specifically suicidal ideation. In general, 
adolescent males who reported "High" weekly PA levels were 50% less likely to 
also report suicidal ideation over the past year when compared to those who 
reported "Low" weekly PA levels. This decreased likelihood of suicidal ideation L 
persisted only among non-Hispanic White adolescent males. However, 
association between PA levels and suicidal ideation was not shared by 
adolescent females. In addition, there was no significant association found 
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between PA and suicidal attempt, whether measured by weekly PA level or PE 
participation among both males and females. This is not surprising given the 
relatively small amount of adolescents reporting suicidal attempt over the past 
year (3.6% of the sample). This rate is considerably less than that found by the 
1995 Youth Risk Behavior Surveillance Survey (YRBSS), in which 8.7% of a 
nationally representative sample of high school students reported one or more 
suicidal attempts over the past year.46 
Thus, through the available measures, it does not appear that PA and 
depressive symptoms are strongly associated among adolescents, and this 
association does not vary greatly by race/ethnicity. For those subgroups that 
demonstrated a significant association, such associations were not particularly 
large in magnitude, excluding that found for "Other" females. The apparent lack 
of association could be due in part to the relatively low levels of activity among 
study participants, specifically regarding weekly PE. With approximately 75% of 
participants reporting no weekly PE participation, any potential mental health 
benefit from institutionalized activity could be hard to demonstrate among the few 
who reported regular PE. 
These findings are similar to others in the literature. Schmitz et al. (2002) 
found that among young adolescents (mean age: 12.8 yrs), frequency and 
intensity of PA was not a significant predictor of CES-D score (p>0.05).47 In 
addition, Fulkerson et al. (2004) also demonstrated a significant inverse 
relationship between moderate-vigorous PA and depressive symptoms among 
adolescent males, but not females48 In addition, a longitudinal study by Moll et 
al. (2004) found that, while natural changes in physical activity were significantly 
associated with a change in depressive symptoms, the absolute change was not 
I 
I 
' 
l 
t 
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clinically significant and thus the relationship between PA and depressive 
symptoms is modest at best.49 
This study has several limitations. First its cross-sectional design 
prevents establishing directionality of the association between physical activity 
and depression. Second, while the CES-D scale has been validated for use in 
U.S. adolescents, less is known as to its validity for use in ethnically diverse 
adolescent samples like that in the present study. It should be noted that this 
study found no association between PA and depressive symptoms as measured 
by the CES-D scale, which measures primarily depressive affect. Therefore 
these findings cannot be applied to psychosomatic complaints that may 
accompany depressive symptoms. Third, grouping Asians, Native Americans, 
and multi-racial adolescents into one "Other'' racial category may have diluted 
any true associations between physical activity and depressive symptoms for 
these populations. Fourth, high number of subgroup analyses, while declared a 
priori, could have increased the likelihood of finding a chance association which 
does not truly exist. Fifth, these conclusions are based on data that is ten years 
old, and drawn from one-third of the original Add Health sample. Sixth, results 
from the present study cannot be generalized to adolescents who do not attend 
school (e.g. dropouts, juvenile delinquents, and truants), who may be at greater 
risk for depression when compared to those who regularly attend school. 5° 
Finally, as this is a secondary data analysis I was constrained by the 
methods used by the original researchers to measure variables of interest. For 
example, using only one parent's educational attainment to define "high SES" 
Black adolescents assumes both that parents' education strongly determines 
social class, and that social class is a significant predictor of adolescent health 
i 
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outcomes. In addition, self-reported height and weight were used to calculate 
BMI. Given adolescents have been shown to systematically underestimate 
weight and overestimate height, "measured" BMI as defined in this study is likely 
to be lower than true values.51 •52•53 However, there was a correlation between 
weight perception and BMI for study participants, with those having relatively 
high BMis more likely to consider themselves to be overweight. As well, the 
questions used to measure suicidal attempt and ideation only extended to the 
past year, so experiences of suicidal attempt or ideation dating back further than 
a year were not included. Thus, an association between PA and ever having 
thought of and/or attempted suicide cannot be determined by this study. Also, as 
discussed below, the present state of measuring PA in adolescents via self-
report is imprecise and limited in scope. 
There is still work to be done in the field of physical activity and 
adolescent depression. Most importantly, as most studies regarding physical 
activity and depression rely on some form of self-reported measure of PA, efforts 
to improve the reliability/validity of such methods (or development of more 
accurate instruments that are equally as cost-effective) should be continued and 
reinforced. In addition, most studies of PA and depression focus on frequency of 
activity. Few others, like Add Health, attempt to also categorize PAin terms of 
intensity. Along with these dimensions, others that should be explored include 
mode (e.g. aerobics, yoga, strength training) and duration (e.g. short vs. long 
bouts of exercise). In addition, focus on PA's association with depressive 
symptoms should be further explored in clinical populations of adolescents, 
whether already diagnosed with depression and/or presenting with another 
primary psychiatric disorder. 
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While policy efforts to increase physical activity among adolescents are 
well-founded in PA's ability to improve physical and cardiovascular health, these 
benefits may not extend to improvement of depressive symptoms given the 
results of the present study. Benefits from physical activity include lower blood 
pressure, improved lipid blood profile, increased endurance, interpersonal skills, 
and elevated self-efficacy for physical activity. Unfortunately there does not 
appear to be significant evidence to support the use of PA to improve depression 
among adolescents in the community. The potential harms from physical activity 
primarily include avoidable injury and sudden cardiac death. However, given its 
favorable risk-benefit profile, it is good public health policy and clinical practice to 
encourage increased physical activity among adolescents. 
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Table 1. Characteristics of Add Health Wave I respondents and their parents (N=4855). 
CHARACTERISTIC MALES FEMALES (N=2390) (N=2465) 
Age, mean (SO), yrs 15.72 (0.11) 15.61 (0.11) 
Racelethnicity, No. (%) 
Non-Hispanic White 1470 (69.5) 1473 (67.8) 
Non-Hispanic Black 530 (13.8) 570 (14.6) 
Hispanic 242 (10.7) 266 (11.7) 
Othel' 148 (6.0) 156 (5.9) 
BMI, mean (SO), kglm• 22.4 (0.14) 22.0 (0.13) 
Current smoker, No. (%) 626 (26.4) 573 (25.3) 
Current alcohol use, No. (%) 674 (28.0) 606 (25.2) 
Weight perception, No. (%) 
Vety underweight 47 (1.8) 39 (1.6) 
Slightly underweight 499 (21.1) 217 (8.3) 
Normal weight 1324 (54.9) 1265 (51.3) 
Slightly overweight 482 (20.4) 832 (34.0) 
Verv overweight 38 (1.8) 112 '(4.7), 
Parental education, No. (%) 
Less than high school 311 (14.4) 344 (14.6) 
High school and/or vocational training 964 (42.2) 1007 (44.2) 
Some college 509 (20.4) 461 (18.0) 
College/professional degree 606 (22.9) 653 (23.1\ 
Weekly PA level, No. (%) 
Low 507 (21.4) 847 (35.2) 
High 1883 (78.6) 1618 (64.7) 
PE participation, No. (%) 
Otimeslwk 1785 (74.7) 1939 (78.0) 
1-4 times/wk 188 (8.3) 173 (7.6) 
5 timeslwk 417 (17.0) 353 (14.3) 
CES-0 Score, mean (SO) 9.73 (0.17) 11.52 (0.23) 
Thought of suicide in past year, No. (%) 237 (1 0.0) 379 (15.6) 
Attempted suicide in past year, No. (%) 54 (2.2) 119 (5.1) 
''Adolescents who self-identified as Asian, Native American, multi-racial, or "Other'' are included in 
this category. 
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Table 2. Demographic characteristics of Add Health Wave I male participants by racelethnicity (N=2390). 
Non-Hispanic Non-Hispanic Hispanic Other White Black P-value 
(N=1470) (N=530) (N=242) (N=148) 
Age, mean (SO) 15.7 (0.12) 15.8 (0.25) 15.7 (0.21) 15.6 (0.21) 0.735 
BMI, mean (SO) 22.3 0.14) 22.5 (0.32) 22.8 (0.29) 22.8 (0.72) 0.355 
Current smoker, No. (%) 444 28.6) 89 (19.7) 59 (22.6) 34 (24.3) 0.015 
Current alcohol use, No. (%) 475 30.4) 96 (19.5) 73 (26.4) 30(22.1) 0.009 
Weight perception, No. (%) 
Very underweight 24 (1.5) 14(3.1) 5 (1.9) 4 (2.5) 
Slightly underweight 297 (20.7) 114 (21.3) 53 (22.0) 35 (24.1) 0.374 Normal weight 811 (54.6) 313 (59.8) 123 (52.6) 77 (50.9) 
Slightly overweight 315 (21.5) 80 (13.7) 57 (21.9) 30 (20.6) 
Very overweight 23 i1.8) 9 (2.1) 4 (1.7) 2 (1.9) 
Parental education, No. (%) 
Less than high school 129 (8.9) 66 (18.4) 97 (42.7) 19 (18.5) 
High school and/or 657 (44.9) 189 (43.8) 69 (28.6) 49 (32.8) 
vocational training <0.001 
Some college 316 (21.2) 124 (20.6) 38 (15.4) 31 (20.0) 
Co/lege/professional 368 (25.0) 151 (17.2) 38 (13.3) 49 (28.7) 
degree 
Table 3. Demographic characteristics of Add Health Wave I female participants by racelethnicity (N=2465). 
Non-Hispanic Non-Hispanic Hispanic Other White Black P-value 
(N=1473) (N=570) (N=266) (N=156) 
Age, mean (SO) 15.6 0.13 15.7 (0.22) 15.6 (0.22) 15.8 (0.18) 0.724 
BMI, mean (SO) 21.7 0.14 23.4 (0.26) 22.5 (0.26) 21.7 (0.44) <0.001 
Current smoker, No. (%) 429 29.2 54 (9.8) 48 (18.7) 42 (25.4) <0.001 
Current alcohol use, No. (%) 429 28.3) 67 (12.3) 62(22.1) 48 (28.4) <0.001 
Weight perception, No. (%) 
Very underweight 17(1.3) 10 (1.9) 7(2.1) 5 (3.6) 
Slightly underweight 114 (7.5) 57(8.1) 24 (9.2) 22 (16.7) 0.003 Normal weight 773 (52.0) 307 (56.4) 121 (4.8) 64 (36.8) 
Slightly overweight 499 (34.3) 179 (31.5) 100 (34.5) 54 (36.8) 
Very overweight 70 (5.0). 17(2.1) 14 (6.0) 11 .(6.2). 
Parental education, No. (%) 
Less than high school 127 (8.6) 88 (19.4) 103 (40.4) 26 (19.8) 
High school and/or 652 (46.1) 207 (46.6) 95 (35.3) 53 (34.0) 
vocational training <0.001 
Some college 286 (19.4) 115 (17.8) 37 (13.7) 23 (11.5) 
Co/lege/professional 408 (25.6) 160 (16.1) 31 (10.5) 54 (34.6) 
degree 
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Table 4. Distribution of physical activity levels and mean CES-D score by race/ethnicity among male 
Add Health participants (N-2390) m 
Non- Non-
Hispanic Hispanic Hispanic Other P-value White Black (N=242) (N=148) 
(N=1470) (N=530) 
Weekly PA level, No (%) 
Low 328 (22.2) 99 (17.9) 51 (21.4) 29 (19.1) 0.326 
High 1142 m:h 431 ·(82.-i) 191 .(78.6) 119 .(80.9) 
Weekly PE, No. (%) 
0 times 1135 (77.4) 371 (68.7) 173 (69.4) 106(67.1) 0.082 1-4 times 119(7.8) 41 (8.2) 16 (8.8) 12 (13.5) 
5times 216 (14.8) 118(23.1) 53 {21.8) 30 /19.4} 
CES-D Score, mean (SO) 9.33 (0.21) 10.67 (0.43) 1 0.43 (0.43) 10.84 (0.67) 0.013 
Thought of suicide in 166(11.4) 37 (6.5) 15 (5.8) 19 (10.3) 0.007 past year, No. (%) 
Attempted suicide in 34 (2.3) 13 (2.1) 3 (0.8) 4 (3.3) 0.359 past year, No. {%) 
Table 5. Distribution of physical activity !!'vels and mean CES-D score by race/ethnicity among 
female Add Health participants (N-2465) "' 
-
Non- Non- Hispanic Other 
Hispanic Hispanic (N=266) (N=156) 
White Black 
(N=1473) {N=570) 
Weekly PA level, No. (%) 
Low 480 (33.0) 200 (39.8) 111 (41.0) 56 (39.2) 
High 993 (67.0} 370 (60.2} 155 i59.0l 100.(60.8) 
Weekly PE, No. {%) 
Otimes 1186 (80.2) 424 (71.8) 208 (73.5) 121 (77.0) 
1-4 times 115(7.9) 29 (5.8) 20 (9.0) 9 (6.2) 
5times 172 (i 1.8) 117 (22.3) 38 <i7.6l 26 /16.7) 
CES-D Score, mean (SD) 10.62 (0.24) 12.88 (0.52) 13.98 (0.65) 13.66 (0.80) 
Thought of suicide in 212 (14.8) 78 (13.7) 52(18.7) 37 (23.6) past year, No. (%) 
Attempted suicide in 62 (4.9) 31 (5.0) 14 (5.1) 12 (7.6) past year, No. (%) 
m Imprecise proportion estimates are due to Add Health rule not to have any value in a cell less than 25 in order to protect 
respondent confidentiality. 
P-value 
0.039 
0.025 
<0.001 
0.041 
0.575 
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Table 6. Multiple linear regression analyses investigating the association between physical activity levels 
and mean CES-D scores after controlling for potential confounders, by sex and race. 
Weekly PA Level Weekly PE Participation 
Coeff. 95%CI p-value Coeff. 95%CI p-value 
Males -0.74 [-1.60, 0.11] 0.087 0.24 [-0.17, 0.65] 0.245 
Non-Hispanic White -1.02 [-2.06, 0.02] 0.054 0.21 [-0.33, 0.76] 0.438 
Non-Hispanic Black 0.23 [-1.30, 1.77] 0.763 0.69 [-0.01' 1.40] 0.055 
Hispanic -0.10 [-2.16, 1.95] 0.920 -0.03 [-0.96, 0.90] 0.949 
Other -1.21 f-4.08, 1.67l 0.408 -0.22 f-1.85, 1.41i 0.787 
Females -0.40 [-1.05, 0.24] 0.217 0.52 [0.05, 0.99] 0.029 
Non-Hispanic White -0.45 [-1.25, 0.35] 0.266 0.67 [0.02, 1.32] 0.045 
Non-Hispanic Black -0.20 [-2.15, 1.76] 0.842 0.35 [-0.89, 1.59] 0.575 
Hispanic -0.73 [-2.86, 1.41] 0.501 -0.44 [-1.85, 0.98] 0.544 
Other -3.59 (-6.07, -1.11.1 0.005 0.82 l-0.93, 2.57i 0.355 
Table 7. Multiple logistic regression analyses investigating the association between PA levels and suicidal 
ideation/attempt after controlling for potential confounders, by sex and race. 
Weekly PA Level Weekly PE participation 
Suiciilii!;f~~~fion . ..•· ••..•. :;,z(· .·· \ ··•· • . . . . ,,;i~z{>' : •• · ...•..•• ,•.·•~~:~r· •••·•· ••.. . ·.. J.~L~8 
OR 95%CI p-value OR 95%CI p-value 
Males 0.53 [0.37, 0.75] <0.001 0.89 [0.71, 1.12] 0.311 
Non-Hispanic White 0.46 [0.31' 0.69] <0.001 0.82 [0.61' 1.09] 0.165 
Non-Hispanic Black 0.93 [0.36, 2.41] 0.887 0.91 [0.57, 1.48] 0.712 
Hispanic 1.60 [0.30, 8.55] 0.582 1.27 [0.65, 2.49] 0.481 
Other 0.49 [0.13, 1.94\ 0.310 1.46 lo .64, 3 .33] 0.364 
Females 1.22 [0.97, 1.52] 0.086 1.14 [0.98, 1.33] 0.093 
Non-Hispanic White 1.19 [0.90, 1.57] 0.220 1.31 [1.06, 1.60] 0.011 
Non-Hispanic Black 1.01 [0.52, 1.96] 0.970 1.07 [0.72, 1.59] 0.749 
Hispanic 1.11 [0.57, 2.16] 0.749 0.76 [0.44, 1.33] 0.341 
Other 2.49 [0.79, 7.82] 0.117 1.11 [0.65, 1.89] 0.704 
Suicidiil ~!tempt ............. ·· . .•· ....•. \ 
· .. ·•. 
• .. ·· ...... 
..· .. ·.· .. 
. •·.· 
· .. ··· 
OR 95%CI p-value OR 95%CI p-value 
Males 0.73 [0.34, 1.57] 0.419 0.69 [0.41, 1.15] 0.155 
Non-Hispanic White 0.69 [0.27, 1.74] 0.427 0.59 [0.26, 1.35] 0.210 
Non-Hispanic Black 1.23 [0.21, 7.16] 0.815 0.69 [0.32, 1.49] 0.340 
Hispanic 0.32 [0.04, 2.43] 0.269 
Other 1.88 [0.18, 19.7i 0.597 1.34 [0.42, 4.301 0.615 
Females 1.21 [0. 73, 2.00] 0.456 1.31 [0.92, 1.85] 0.128 
Non-Hispanic White 1.31 [0.62, 2.75] 0.472 1.47 [0.99, 2.16] 0.054 
Non-Hispanic Black 1.01 [0.41' 2.50] 0.986 0.69 [0.36, 1.35] 0.281 
Hispanic 1.24 [0.39, 4.01] 0.712 0.80 [0.32, 1.98] 0.622 
Other 0.78 [0.19, 3.16i 0.724 1.08 [0.45, 2.54i 0.868 
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APPENDIX 1: Systematic literature review regarding physical activity and 
depressive symptoms among adolescents in the general community. 
PURPOSE AND RESEARCH QUESTION 
Adult populations. In their 2001 review, Dunn, Trivedi, and O'Neal 
determined that the evidence supporting the ameliorating effect of physical 
activity on depressive symptoms was "suggestive but not convincing," as all 
support was from B and C levels of evidence, , meaning it was derived from 
limited quality studies, and/or consensus/expert opinion.'· 2 While this review 
applied adequate methods to systematically gather, appraise, and synthesize the 
evidence regarding this relationship, the authors included only studies with 
clinically depressed populations, making it hard to generalize their conclusions, 
albeit lukewarm, to the general community. A review by Paluska and Schwenk 
(2000) attempted to investigate the relationship between physical activity and 
mental health among both clinical and nonclinical populations.3 They concluded 
that physical activity was inversely associated with depressive symptoms, 
especially in those reporting mild to moderate depressive symptoms. However, 
there was no apparent systematic approach to appraising the literature leading 
one to question the validity of the authors' conclusions.3 In both cases, the 
authors primarily focused on adult populations. 
Adolescent populations. Sallis, Prochaska, and Taylor (2000) reviewed 
the literature for determinants of physical activity in adolescents, including 
depression as one of many potential correlates, in which they also concluded that 
depression was one of few consistently supported correlates of physical activity, 
demonstrating a negative association.• However, this was based solely on the 
fact that 3 out of 4 identified studies demonstrated an inverse association without 
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regard to the relative quality of each study. Moreover, the methods used to 
critically appraise the studies were inadequate, as the authors only determined if 
the sample population was described, and the measurement for physical activity 
was reported to be reliable and valid. Thus it cannot be determined whether 
there exists a true relationship between physical activity and depressive 
symptoms or not among adolescents in the general community. 
Research question. This systematic literature review aims to answer the 
question: Among U.S. adolescents in the general community, is physical activity 
associated with depressive symptoms? Particular attention will be given to 
subgroup analyses (where included) related to sex, race/ethnicity, and age. In 
addition, facets of physical activity to be addressed include measures of 
frequency, intensity, duration, and mode. 
METHODS 
Search strategy. I conducted a literature search of MEDLIN E. Cochrane 
Library of Systematic Reviews, Physical Education Index, and Psyclnfo for 
articles published in peer-reviewed English journals between 1990 and March 
2005 using the following keywords: adolescent or youth or teenager; depressive 
disorder or depression or mood disorder or psychological distress; and physical 
activity or exercise. Abstracts and associated reference lists were screened for 
articles which met eligibility criteria. Eligible studies were observational studies 
that included both measures of physical activity and depression, and adolescents 
(aged 11-18 years old} in the study population. Due to the potential influence of 
socio-cultural factors on depressive symptoms, only studies conducted in the 
United States were included. Measurements of physical activity were classified 
as related to frequency (e.g., how many times/hours spent engaging in activity 
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over a specified time period), intensity (e.g., distinguishing low, moderate, and 
vigorous types of activity), duration (e.g., time spent during one session of 
activity), and/or mode (e.g., strength training, flexibility, and/or aerobics). 
Quality assessment. Studies were assessed for overall quality using a 
modified checklist from that created by Zaza et al. (2000) for observational 
studies.5 This data collection instrument has been previously evaluated for its 
ability to adequately grade the quality of observational studies _a Among cross-
sectional studies, key issues highlighted were whether or not the sampling 
strategy was appropriately conducted and reported; whether the study population 
was comparable to the source population; the reliability/validity of the physical 
activity/depression measures; adequate controlling for potential confounders in 
data analysis; and whether appropriate statistical tests and significance levels 
i were used. Quality ratings were based on how many criteria were met, ranging 
from poor to good. "Poor'' studies failed to meet more than half of criteria, "Fair'' 
studies failed to meet two, and "Good" studies failed no more than one quality 
criterion. 
RESULTS 
Eligible studies. Of the 598 abstracts reviewed, 11 articles were 
extracted. After excluding studies that involved foreign adolescent samples (n=3), 
those using measures not necessarily related to depressive symptoms (n=2), and 
one study that used the same sample as another, five articles ultimately met the 
eligibility criteria and are included in this review. 7•8• 9•10•11 The majority were 
cross-sectional in design, with only one longitudinal study. Both convenience 
and population-based samples were used. All studies included 7-day recall 
measures of PA frequency, defined in terms of relative amount of time spent in 
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activity from "never/rarely" to "daily") or hours spent per week being active. Two 
studies also included measures relating to PA intensity. In addition, all but one 
study9 used the CES-D scale to measure depressive symptoms. Characteristics 
of each study are described in Tables Al-1 and Al-2. 
Quality of studies. Critical appraisal of the studies is presented in Tables 
Al-3 and Al-4. Two studies were considered to be poor, two to be fair, and only 
one to be good. The majority of studies failed to adequately discuss the reliability 
and/or validity of PA measures. In addition, most did not report the sampling 
process and/or demonstrate comparability between the source and study 
population. Finally, two did not control for potential confounders in their analysis. 
PA Frequency and Depressive Symptoms. Three studies found a 
statistically significant inverse relationship between frequency of PA and 
depressive symptoms.8•9•1° Field et al. (2001) surveyed 89 high school seniors in 
Miami, FL on how often they reported participating in weekly exercise (responses 
ranged from "rarely" to "daily") and depressive symptoms measured with the 
CES-D scale.8 Those reporting high levels of weekly exercise had significantly 
lower CES-D scores than those reporting low PA levels (21.8 vs. 25.6, p<0.05). 
Moll et al. (2004) applied latent growth modeling methods to longitudinal 
data of 4 794 Minnesota 71" graders over a two year period to demonstrate that a 
natural 1 SD increase in "regular" PA, defined as activity at least 3 times a week 
for at least 20 minutes at a time, was significantly associated with a 0.17 SD 
decrease in depressive symptoms, also measured with the CES-D scale 
(p<0.05).10 
Finally, Fulkerson et al. (2004) surveyed 4734 Minnesota adolescents on 
how many hours per week they spent participating in moderate-vigorous (e.g., 
biking, dancing, running, brisk walking) and mild-intensity (e.g., bowling, yoga) 
i 
Campbell App-1 5 
activity, and depressive symptoms measured with a 6-item scale of reported 
validity in adolescents (alpha= 0.80).9•12 Adolescent males who reported a low 
number of depressive symptoms spent more hours per week participating in 
moderate-vigorous activity (e.g., brisk walking, baseball, gymnastics, running, 
dancing, biking) when compared to those reporting high number of depressive 
symptoms (8.0 hrs vs. 6.0 hrs, p<0.001 ). 
Two studies found a nonsignificant association between PA frequency 
and depressive symptoms. McDermott et al. ( 1990) surveyed 219 11th and 121h 
graders in south-central U.S. high schools and found that self-reported "vigorous" 
exercise was not significantly correlated to CES-D score (r=-0.13, p=0.011, NS at 
bonferroni corrected alpha level 0.002).7 Schmitz et al. (2002) surveyed all 7'h 
graders enrolled in the TEENS study, a school-based RCT to increase healthy 
eating behaviors, and found that CES-D score was not a significant predictor 
(p>0.05) of leisure time physical activity, defined as a composite measure of both 
frequency (how often during the week using a 5 point Likert scale), and intensity 
(how hard they were breathing using a 4 point Likert scale)." 
These studies were of variable quality, with two7•8 rated poor, two9•10 rated 
fair, and one 11 good. Excluding Schmitz et al., none reported how the sample 
population was obtained, making it difficult to determine if the sample population 
was comparable to the source population. McDermott et al. (1990) and Field et 
al. (2001 ), both of poor quality, neither discussed reliability/ validity of the PA 
measures used, nor controlled for potential confounders in the final analyses. 
Even if the bonferroni-corrected alpha level of 0.002 was not applied to 
McDermott et al.'s results, the rel.ative strength of the correlation (r=-0.13) is not 
large enough to be considered clinically meaningful. When looking at the two 
"fair'' quality studies, Fulkerson et al. and Motl et al., it appears that significant 
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associations only existed for certain groups (males rather than females), and 
were relatively small in magnitude. The 0.17 SD decrease in depressive 
symptoms in Mollet al.'s longitudinal study amounted to a 1.5 change in CES-D 
score, which is not clinically meaningful on a scale from 0-60. Finally, Schmitz et 
al. (2002)'s cross-sectional study was the only study to meet all pre-defined 
criteria, and did not find a significant association. 
PA Intensity and Depressive symptoms. While two studies included 
measures of PA intensity, one 11 combined frequency and intensity into a total 
"exercise score", preventing any conclusions to be made on PA intensity alone. 
Fulkerson et al. (2004) used self-reported frequency on pre-defined mild, 
moderate, and strenuous activities derived from the Leisure Time Exercise 
Questionnaire 13 and found that only moderate-vigorous activity had a significant 
association with depressive symptoms among adolescent males. 
DISCUSSION 
This review identified five observational studies that looked at the 
potential association between depressive symptoms, usually measured with the 
CES-D scale, and physical activity among nonclinical U.S. adolescent 
populations. The majority of studies reviewed here under-reported issues such 
as selection strategy, comparability between source and study populations, 
reliability/validity of PA measures, and potential confounding. Among those 
studies which found a significant inverse association between PA frequency and 
depressive symptoms, one featured a relatively small, homogeneous sample, 
and the other two found significant association(s) that either applied to a specific 
subgroup (i.e. adolescent males) or were relatively small in magnitude. This 
suggests that if a true association between PA and depressive symptoms exists, 
Campbell App-1 7 
it may not apply to the entire adolescent population, or be clinically meaningful to 
justify population-based interventions to increase PA among adolescents for the 
explicit purpose of preventing onset of clinical depression. 
There were many similarities across studies that possibly contributed to the 
overall weak methodological quality of the "evidence base". First, most (4) used 
a cross-sectional design, and measured depressive symptoms with the CES-D 
scale, a symptoms subscale which does not necessarily measure the severity 
and/or duration of symptoms past a week-long period. Thus, the conclusions 
found here may only apply to depressive symptomatology among adolescents 
rather than diagnoses of depressive disorders. Second, most (4) used 
questionable PA measures, perhaps pointing less to the authors' lack of 
methodological rigor and more to the absence of cost-effective measures that 
accurately reflect actual PA among adolescents. Third, all focused on school-
based adolescent populations which limits the ability to apply the results to 
adolescents in the general community, as adolescents who are truant or drop-out 
of school are considered to be at higher risk of developing depression.14 
There are limitations to the process of this review that should be mentioned. 
The assessment of quality was based on a modified "checklist" from a previously 
developed data collection instrument. Given that quality ratings were mostly 
based on absence/presence of certain criteria, this does not allow for "partial 
credit" and most likely biased quality ratings to be low. In addition, the better 
quality studies largely used adolescent samples from MN, suggesting that the 
results reached here apply mostly to MN adolescents rather than adolescents in 
the general U.S. population. 
The conclusion presented here that there seems not to be a clinically 
meaningful association between PA and depressive symptoms among 
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adolescents in general is by no means resolute. This review reveals many 
weaknesses in the literature that should be addressed in future research. More 
longitudinal studies should be conducted in large, population-based adolescent 
populations. Assessment of PA in adolescents should expand past frequency to 
also include valid measurements of intensity, mode, and duration in order to 
explore other dimensions of PA with depressive symptoms. Finally, given that 
adolescent girls are twice as likely to develop depression as boys, investigation 
into whether PA associates with depressive symptoms within these two groups is 
important. 
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Table Al-1. Cross-sectional studies of physical activity and depression using non-clinical U.S. adolescent populations. 
JI,U)~ors 
·(year) 
McDermott, 
Hawkins, 
Marty, et al. 
(1990) 
Field, Diego, 
and Sanders 
(2001) 
Schmitz, 
Lytle, 
Phillips, et al. 
(2002) 
A convenience sample 
of 230 11 111 and 1zih 
graders (of 884 total) 
enrolled at a public HS 
in southcentral US were 
administered a sUivey 
during class in Nov 
1998. 
I A convenience sample 
of 89 12'h graders 
enrolled at a suburban 
HS in Miami, FL were 
administered a survey 
during class. 
All th graders attending 
MN schools enrolled in 
the TEENS study, a 
school-based RCT 
investigating dietary risk 
behaviors in young 
adolescents, completed 
a survey during 
mandatory classes in 
Fall1998. 
'!''""''' 
N ;219 
Mean age: 16.2 yrs 
Sex 
Male: 45.7% 
Female: 54.3% 
N;89 
Sex 
Male: 41.6% 
Female: 58.4% 
Race/ethnicity: 
White: 76% 
Black: 3% 
Hispanic: 11% 
Asian: 5% 
Other: 5% 
N;3878 
Mean age: 12.8 yrs 
Sex 
Male: 51.1% 
Female: 48.9% 
Race/ethnicity 
White: 66.8% 
Black: 11.2% 
Hispanic: 2.8% 
Asian: 7% 
Other: 16.6% 
Frequency. 
Self-report measure of 
"vigorous" exercise frequency 
over the last week in untested 
Health Scale. 
Frequency. 
Self report of exercise frequency 
during the week (rarely to daily), 
and hours spent participating in 
sports during the week (<2hrs to 
?I hrs). 
Frequency, intensity. 
Two self-report measures of 
leisure-time PA frequency 
during the week ("most of the 
time" to "never'' on a 5 point 
Likert scale); and how hard they 
breathed during PA ("much 
harder than usual" to "same as 
usual" on a 4 point Likert scale). 
Combined the two measures 
into one score on a 0-9 point 
scale. 
I 20-item CES-D scale 
20-item CES-D scale. 
I 20-item CES-D scale. 
None 
None. 
Age, race, sex, 
SES, family 
characteristics 
""'"'''"'' '" "'•!11'1'''' ' -~ll!'l'f"l"m~l''l'""'""'~ ""'"'" '"'"''''' ''''"''" "' '"''' w- '"""""" """ ''' ,_," -
r;-0.13 (p; 0.011) 
NS at bonferroni 
corrected alpha level 
of 0.002 
Poor. 
Lower CES-D scores I Poor. 
associated with high 
exercise frequency 
(p<0.05) and high 
sports participation 
(p<0.005). 
PA was not found to I Good. 
be a significant 
predictor of 
depressive symptoms 
approximately 6 
months later (p>0.05). 
Fulkerson, Study participants were No4734 Frequency, intensity. Previously developed 6-item Sex, race, grade High levels of mod-vig 
Sherwood, drawn from the study Mean age: 14.8yrs scale measure of depressed level. PA were more likely 
Perry, et al. population enrolled in Sex Modified Leisure Time Exercise mood over the past year. to report low levels of 
(2004) Project EAT, a study Male: 50.2% Questionnaire measures of depressive symptoms 
investigating obesity and Female: 49.8% frequency of mild, moderate, Alpha o 0.80 than those reporting 
nutrition among Race/ethnicity and vigorous PAin hours/wk. Correlation with another low levels of mod-vig 
adolescents from 31 White: 48.5% depression scale in clinical PA among adolescent 
schools in MN during Black: 19.0% population = 0. 72. males (p<0.001 ), but 
1998-1999. Hispanic: 5.9% not among adolescent 
Asian: 19.2% females (p0 0.466). 
Other: 7.4% 
Table Al-2. Longitudinal studies of physical activity and depression using non-clinical US adolescent populations. 
Motl, 
Birnbaum, 
Kubik, et al. 
(2004) 
All 7'h graders attending 
MN schools enrolled in 
the TEENS study, a 
school-based RCT 
investigating dietary risk 
behaviors in young 
adolescents, 
Inclusion: provided data 
on 1 or more of 3 data 
collecting periods held 
between Fall1998 to 
Spring 2000. 
No4594 
Mean age: 12.7 yrs 
Sex 
Male: 51% 
Female:49% 
Race/ethnicity 
White: 62.6% 
Black: 13.8% 
Hispanic: 3.8% 
Asian: 7.2% 
Other: 12.6% 
Frequency. 
Self-report measure of 
leisure-time PA 
frequency during the 
week. 
Reliability (0.69) 
reported across 3 data 
collections and 
discussed validity. 
20-item CES-D scale. Sex, SES, 
Tob/EtOH use, 
value placed on 
health, 
appearance, and 
achievement. 
-·-- "' •·111!"-"'"'·'" ·-· "" ·• ,,, "'"' ·-·'"ill-llllll'llr''"'''~m~n"''' -· "'''" ,,,,.,,.,,,,,- "''"'' ··• .. 
Latent growth modeling I Fair. 
demonstrated that 1 SD 
increase in physical 
activity was associated 
with a 0.17 SD 
decrease in CES-D 
score over a period of 
two years. 
Fair. 
Table Al-3. Quality ratings for cross-sectional studies. 
McDermott, et al. (1990) No. Don't know. Don't know. 
Schmitz, et al. (2002) Yes. Yes. Yes. 
Table Al-4. Quality ratings for longitudinal studies. 
Moll, et.al. 
(2004) No. Don't know. Yes. 
"''1'11'1'"'' ·~"'"' 
Yes. No. Yes. Poor. 
Yes. Yes. Yes; (3ood. 
Yes. Yes. Yes(?) Fair. 
"''11l ...... llfff"l"mll~1""' >.VdO ''"-<'''""' 
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Appendix II: Discussion of physical activity assessment in adolescents. 
Accurate assessment of physical activity among adolescents is 
important to determine not only current levels of physical activity, but also 
potential associations between activity and health outcomes.1 Moreover, 
valid measurements of physical activity can highlight effective interventions 
aimed at increasing physical activity levels among adolescents. Physical 
activity is defined as any behavior produced by movement of skeletal 
muscles which results in energy expenditure.2· 3 Exercise is "volitional, 
purposeful" physical activity with the intention of improving physical fitness.2 
Energy expenditure is the direct physiological consequence of physical 
activity and exercise. 2 The purpose of this appendix is to describe current 
methods employed by researchers to assess physical activity among youth, 
and the relative strengths and weaknesses associated with each. In addition, 
I will discuss special issues that arise when considering the best way to 
assess physical activity among adolescents. 
DIRECT OBSERVATION 
Direct observation (DO) strategies can be used in a variety of school, 
home, and recreational settings.1 The validity and reliability of DO have been 
established in a number of studies. Regarded as having high "face validity," 
DO methods have demonstrated correlation with monitoring devices in the 
range of 0.64-0.90.2· 4 In addition, interobserver reliability is also shown to be 
fairly high, with agreement ranging between 84-98% for most studies.2•4 
Test-retest reliability, however, has been shown to be more variable, leading 
some to suggest this is more indicative of the nature of physical activity 
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among youth (i.e. highly variable across time period) rather than an unreliable 
measuring instrument.• 
Other than having established validity and reliability, DO methods 
offer other advantages. Contextual information (e.g., when, where, how 
physical activity takes place) can be documented, providing a fuller picture of 
how physical activity is experienced by adolescents.• In addition, information 
regarding activity among younger subjects may be more accurately obtained 
via DO methods. 
There are also several important disadvantages to using DO methods 
when assessing physical activity. First and foremost is the considerable cost 
in observing subjects, as well as training observers to document physical 
activity accurately and consistently. Thus such techniques are harder to 
apply to fairly large study populations like those used in large epidemiological 
studies. Second, subject reactivity can threaten the validity of the 
measurements, as subjects may be more likely to be active if they know that 
are being observed. 2 
MONITORING DEVICES 
Monitoring devices are another method by which researchers can 
measure physical activity, comprised of accelerometers, heart rate monitors, 
and pedometers. CAL TRAG is a common accelerometer used, which is a 
device worn on the subject's waist and has the ability to estimate energy 
expenditure and/or activity "counts".2 Such devices have "low to moderate" 
validity, with correlations ranging from 0.35-0.62 when validated with DO 
methods2 · 4 Test-retest reliability has been shown to range between 0.30-
0.79.2 Heart rate monitors operate on the assumption that heart rate is 
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linearly related to physical activity intensity, and must be calibrated for each 
individual since heart rate varies by body size, age, and baseline fitness 
level.2 Heart rate monitors have demonstrated low to moderate validity and 
reliability, with correlation coefficients 0.64 and 0.10, respectively.2 
Monitoring devices present their own strengths and weaknesses in 
assessing physical activity among adolescents. Compared with DO methods, 
monitors are relatively inexpensive, and do not present the potential for 
subjective measurement. However, technical breakdowns can be an 
unplanned problem during a study. Moreover, contextual information 
regarding when/where/how physical activity occurs is lost. 
SELF-REPORT 
Self-report measures, whether self- or interview-administered, are the 
most widely used measures of physical activity. The characteristics of such 
instruments are highly variable as more often than not since researchers 
typically create unique questionnaires relevant to their study rather than use 
previously validated instruments.3• 5 Self-report measures vary in terms of the 
time period covered (e.g. 1 day, 7 day, 1 month recall); number of items 
included (e.g. single vs. multiple questions); and information obtained 
pertaining to physical activity (e.g. intensity, mode, duration, and/or 
frequency). 
The highly variable characteristics of self-report measures make it 
difficult to establish the validity and reliability relative to each form of 
questionnaire. For instance, 1 day recall has demonstrated a correlation of 
0.86, with 7 day recall methods demonstrating slightly lower correlation 
(0.75), when using DO as a validation standardY When taken together, self-
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report measures demonstrate correlations ranging from 0.46-0.86 when using 
DO as a validation standard.4 The same variability is shown in measures of 
reliability as well, varying with time period and subject's age. For example, 
Pate (1993) showed that test-retest reliability of self-report measures ranged 
from 0.47-0.96, with higher reliability demonstrated among older adolescents 
and across shorter time periods (e.g. daily vs. weekly).2 
Self-report measures offer strengths and weaknesses in assessing 
physical activity among adolescents. They require little cost and time 
investment, and are relatively easy to implement.4 The high versatility 
inherent in self-report measures provides researchers with the potential to 
collect information on a wide range of factors related to physical activity. This 
versatility also makes it difficult to pinpoint a standardized self-report 
measure. Moreover, self-report measures are highly susceptible to recall 
bias, rendering them virtually useless in youth younger than 10 years old 2 
SPECIAL ISSUES 
There are many issues specific to assessing physical activity among 
adolescents that make such measures especially difficult. First, the nature of 
physical activity in adolescents is highly variable in type, context, and 
frequency, suggesting that attempts to establish high reliability are 
unfounded! In addition, current efforts to determine relative intensity of 
specific forms of activity-measured in terms of energy expenditure-are 
misleading given that estimates are based on assumptions derived from adult 
populations. 2• 3 
Specific characteristics of the study population are important to 
consider when selecting appropriate physical activity measures. As noted 
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earlier, direct observation methods are more appropriate for small, 
methodological studies due to the substantial time and cost investment, while 
self-report measures are typically used in large, epidemiological studies. 
Moreover, younger study populations are better suited to direct observation 
and/or monitoring devices, as they demonstrate poor validity and reliability via 
self-report. Finally, much is unknown concerning the impact of sex and race 
on validity and reliability of physical activity among adolescents. 
Perhaps rnost important to assessing physical activity in general, both 
among adolescents and adults, is the absence of a gold validation standard 
against which potential measures can be evaluated.4 Thus even the validity 
estimations provided in this appendix can be considered imprecise given they 
are obtained via comparison to an imperfect standard. Until there is a 
consensus among researchers regarding the ideal in physical activity 
assessment, it will be difficult to create valid and reliable instruments relevant 
to specific study populations, whether majority or non-majority race, male or 
female, young or old. 
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